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Aircraft Engine Oil Systems 


UCCESSFUL lubrication of aircraft engines 
depends upon 
the design of the 


part played by oil quality has been discussed in 


engine design, oil quality and 
external oil system. The 


magazine “Lubrication” in the past.! Various papers 
have covered the design of the external oil system 
for better altitude performance and improved oil 
defoaming. However, comparatively little informa- 
tion has been written on the serious nature of water 
cumulations and dilution problems as related to 
he design of the external oil system. 
Service problems such as difficult starting, master 
rod bearing failures, sludge and water accumula- 
ons, ice formation in oil lines and breather lines, 
oss of oil pressure and foaming may be traceable 
o the design of oil systems. 
As aircraft increase in size and in number of en- 
ines per aircraft, they become more complex and 
s accessible for servicing. Large numbers of air- 
aft now in Operation, as w ell as size, make it more 
ficult to provide hangar facilities, and provisions 
icrefore must be made to enable starting of en- 
nes after standing unprotected at low tempera- 
ires. In military operations particularly, rapid 
arting and adequate engine lubrication are essen- 
il without preheating. In commercial Operations 
ere is normally time available for preheating of 
zines prior to a scheduled flight. 
In addition to extreme cold temperatures that 
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¢ on the ground, there are severe con- 
ncountered at extremely high altitude. 
Perhaps the most severe in flight are found at alti- 


exist at startin 


10,000 feet where outside air 
temperatures may run below minus 100°F. Long 
Hights and low atmospheric pressures at these alti- 
tudes impose critical conditions on the oil system 
that do not exist at lower altitudes. It is the purpose 
of this discussion to touch briefly on some of these 
problems ror 


tudes in excess of 


the benettt of both operators and 
designers. 


INTERNAL OIL SYSTEMS 
Wet Sump 

[wo types of oil circulating systems are cur- 
rently used in reciprocating aircraft engines, the wet 
sump and the dry sump. The wet sump, as the name 
implies, carries its oil supply in the engine sump or 
crankcase in the same manner as commonly found in 
automotive engines. 

A typical example of a wet sump system may be 
found in any of the popular 4 and 6 cylinder hori- 
zontally opposed aircraft engines (Figure 1). In 
this system, oil is drawn from the crankcase to the 
pressure pump and delivered under pressure to 
crankshaft and camshaft bearings, valve tappet 
guides and the accessory section. When oil pressure 
exceeds a predetermined value a pressure relief 
valve opens and returns a portion of the oil supply 
to the inlet side of the pump. This prevents the 
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build-up of excessive pressure and possible damage 
to certain parts of the oil system. 

The first route taken by oil is to each main bear 
ing, not only to lubricate and cool those bearings, 
but also to transfer oil into the drilled passages of 
the crankshaft through an annulus in each bearing 
and drilled passages in the crankshaft. In this man- 
ner, oil is delivered under pressure to each connect- 
ing rod bearing from which the excess is thrown 
off to lubricate cylinders, pistons, piston rings and 
piston pin bushings. 

The second route is to camshaft bearings and 
valve tappet guides. Most engines have drilled 
passages in guides and tappets that match up at 
intervals during each stroke to introduce a metered 
quantity into the center of the tappet where it is 
forced through hollow push rods and drilled pas- 
sages in rocker arms to lubricate the valve gear 
assembly. The excess thrown from the rocker arm 
bearings serves to lubricate and cool valve stems and 
finally drains back into the crankcase either through 
push rod housings or oil drain lines. The third 
route supplies oil to the bushings and gears of the 
accessory section. 

The principal advantages of the wet sump sys- 
tem are low cost and simplicity. This system has 
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Figure 1 — Lubrication system of Lycoming horizontally opposed Direct Drive 4 cylinder Aircraft Engine. 
A typical example of wet sump oil system in smaller aircraft engines. 


definite limitations that make it unsuited for larger 
engines, particularly radial or inverted in-line types 
Furthermore, this system is unsatisfactory for un- 
usual flight maneuvers such as prolonged dives and 
steep climbs and, of course, is unsuited for inverted 
flight. 

Oil temperatures in the wet sump system fre 
quently run at much higher levels than the dry sump 
system because of the problem of cooling the scav- 
enge oil. Higher temperatures therefore may cause 
increased rates of oil deterioration and shorter bear 
ing life. 


Dry Sump 

The dry sump system is used universally in larger 
types of reciprocating engines, such as horizontally 
opposed, inverted in-line,‘ V" type and all radial 
engines. In the conventiona! system the oil supply 
is carried in an external tank and all oil delivered 
to the engine comes directly from the tank; scavenge 
or return oil is collected in sumps and pumped back 
to the tank. The chief advantages of the dry sump 
system are found in the flexibility afforded the d« 
signer in the location and size of the oil tank. This 
feature greatly simplifies engine design, installa- 
tion and cowling design and permits better oil 
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Figure 2 — Longitudinal section through Wright 9 cylinder Radial Aircraft Engine showing oil circulation 








in a dry sump type of oil system. 


. 
. 
‘ 
. 
e 


as 


se ees 


os se 


. 


LUBRICATION 


May, 1951 





Continental Motors ( 


Figure 3 — Continental model E-185. Horizontally Opposed 6 cylinder Air Cooled Engine. 


cooling. Unusual maneuvers also are possible with 
a properly designed dry sump system without the 
danger of interruptions in the oil supply and for 
these reasons contribute to engine reliability and 
safety. It will be seen from the subsequent discus- 
sion describing the external parts of the oil system 
that good oil temperature control is possible and 
this in turn reduces the rate of oil deterioration. 


An example of a typical dry sump system may be 
found in a single row radial engine (Figure 2). 
Basically the two-row and four-row radial aircraft 
engines are similar to the single row engine insofar 
as the lubrication system is concerned. For reasons 
of simplicity this discussion will be confined to the 
single row radial engine. In this type of engine, oil 
enters the pressure pump from an external supply 
tank, is distributed through various routes or 
branches to different parts of the engine and finally 
is picked up by one or more scavenge pumps, cir- 
culated through an oil cooler and returned to the 
supply tank. A description of this system may be 
divided into three parts; the rear case or accessory 
section, the power section or crankcase and the nose 
or front section. 


In the rear case, oil first passes through the pres 
sure pump and then to a strainer and a pressure 
relief valve. The function of this relief valve is to 
return a portion of the oil flow to the pump inlet 
to prevent a build-up of excessive oil pressure under 
certain conditions of operation. Some engines also 
have a thermostat in the pressure relief valve to 
delay the opening when engine oil is cold and 
viscous in order to increase the supply of oil to vital 
parts such as master rod bearings, cylinders, etc. 
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All oil first passes through the fine mesh strainer 
whose function is to remove solid material that 
might otherwise be abrasive to engine parts or clog 
oil passages. A bypass valve is provided to prevent 
collapse and damage of strainer when oil is cold 
or when the strainer may be clogged. A check valve 
usually is located downstream to prevent oil drain- 
ing from the tank into the engine during periods 
when the engine is not in operation. From the oil 
strainer, the circulation of oil divides into several 
different routes. The major quantity of oil enters 
the accessory drive or starter shaft through the bush- 
ing annulus at the rear end. In passing through the 
accessory drive shaft to the end of the crankshaft, 
some of the oil is bled off through drilled passages 
to lubricate the impeller shaft bushings. The second 
route of oil circulation in the rear case is through 
drilled passages or oil lines to various accessory 
drive bushings. On engines with two speed blowers, 
oil from this section is supp'ied to a selector valve 
for operation of high and low speed blower clutches 

All of the oil supplied to the power section is 
through drilled passages in the crankshaft. In en- 
gines with plain type main bearings, the oil supply 
comes from the center of the shaft through a drilled 
hole in the main journal. Some engines also supply 
a limited quantity of oil through drilled passages 
in the cheeks of the crankshaft for the labrication 
of the floating damper pin bushings. 

The largest quantity of oil is supplied to th 
master rod bearing and knuckle pin bushings. Th 
excess or oil thrown off these parts sprays agains 
the cylinders, pistons, rings and piston pins 


Some engines have jets in the crankshatt whicl 
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Figure 5 — Franklin model 6A4-165B3 Horizontally Opposed 6 cylinder Air Cooled Engine. 
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meter oil to cylinders and pistons. Other engines 
rely upon the oil thrown off the master rod bearing 
and knuckle pins to lubricate and cool the pistons 
and cylinders. In those engines with roller bearing 
type of main bearings, lubrication is afforded by 
spray from the master rod bearing and in some 
cases from the damper pin bushings. 

High pressure oil enters the nose section through 
the crankshaft front extension. In the nose section, 
the oil supply normally divides into two or three 
routes depending upon whether the engine has 
reduction gears and a Hydromatic propeller. The 
first route is to the cam mechanism. Oil is trans- 
ferred from the crankshaft to the front section of 
the main crankcase, usually through part of the 
cam mechanism, and finally to the cam drive gear 
and pinion bushing and to the cam bearing and also 
to the oil sump pump drive gear bushing. 


The second route in the nose section is to the 
planetary reduction gears. This route normally is 
through the center of the propeller shaft that ro 
tates on the crankshaft front extension and through 
drilled passages to each of the spider arm bushings 
or through drilled passages in the propeller shaft 
pinion supporting flange and pinion bushings. A 
spray of oil from fixed jets and from pinion gear 
bushings serves to lubricate the planetary reduc- 
tion gear. 

The third route of lubricating oil is to the Hydro- 
matic propeller governer, if installed in the engine, 
and finally to the valve tappet guides where a 
metered supply passes up each push rod through 
drilled passages to rocker arms for lubrication of 
rocker arm bearings and for the lubrication and 
cooling of valve stems. On an engine equipped with 
a Hydromatic propeller, the oil is transferred back 
into the propeller shaft by means of oil transfer 


rings where it may be used for the operation of this 
type of propeller. Oil pressure may be boosted in 
some engines for operation of Hydromatic pro 


pellers. 


Engine oil may be scavenged from the engine by 
one or more separate scavenge pumps Ordinarily 
oil from the rear section and the power section is 
drained into a sump located on the lower side of the 
engine and picked up by a main scavenge pump 
and returned to the oil tank. In 
separate scavenge pumps are provided for the nos« 
case, each row of cylinders, and rocker boxes. Usual 
ly the rocker boxes of cylinders located below th 
horizontal center line of the engine are intercon- 
nected and drain into a sump while the rocker boxes 
of those cylinders above the horizontal center line ot 
the engine may drain into one of the cases throug! 


some engines, 


the push rod housings. 


EXTERNAL OIL SYSTEM 
Requiremen ts 


The general requirements of an external oil sys 
tem are listed below: 


1. The capacity of the oil tank must be sufficien 
to allow operation to the extreme range of th 
aircraft. In addition a large enough expansio 
space must be provided above the filler neck lev: 
for the build up of a normal amount of oil foa: 
without any overflow through the vent. 


2. An adequate flow of oil to the engine must | 
assured under all conditions of flight that is fre 
of injurious foreign matter. 


w>) 


.If provided with a dilution system an accura 
control on quantity of fuel dilution must be exe 
cised. If a hopper tank is used a dependab ¢ 
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means must be provided for segregation of di- 
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] 
luted oil in the hopper from bulk oil in the bal 


1 Re 1 
ance of ihe tank. Also it must be apable of rapid 
warming up of the bulk oil after starting 
i. The system should be capable of maintaining 


the tank 


under all expe ted 
} 


control ot temperature of oil both in 


and the oil entering the engine 
: ' : 
altitudes, Outside air temperature S, air speeds anc 
anvics OF Climb 


5. Means must b provided to separate entrained air 


] = 1] wt r ] . 
as rapidly as possible at all expec ed altitudes. 


pressures on the o1l cooler due to 
i 


O | XKCCSSIV¢ oil 
1d 


old o1! must be avoided to prevent rupture of the 


OOILC!I 

It a Hydromatic propeller is used a reserve must 
ae | Sige 

De provided in the bottom of the tank for 
peller t athering 


pro 


Description 

In a conventional external oil system (Figure 6), 
SCAVCNLC oil first passes a thermostati valve or 
switch to 
ontrol cooler flap operation and finally returns 
to the oil tank. The operation of the thermostat 


1 1 1 1 ] 


1 1 1 
Valve normally instalicd on the ol coolcr may be 


OIL IN TEMPERATURE GAUGE © 


LUBRI¢ 


ATION 


described in three steps (Figure 7). First, immedi- 
itely after starting a cold engine the viscosity of 
build-up of high pressure in the 
In order to protect the oil cooler 
from rupture under such conditions, a surge valve 
opens when the pressures normally reach about 
60-70 psi allowing oil to bypass both thermostatic 
valve and cooler and return directly to the oil tank. 

Secondly, as oil warms up and its viscosity drops, 
the pressure in the scavenge line also drops allow- 
valve to close and a bypass valve 
to open permitting oil to circulate around the core 
oil that may be congealed 
inside the cooler. The opening pressure of the 


bypass valve may be set to aj pproximately 10 psi. 


old Olli CauUSeS a 


scavenge line. 


ing the surge 


of the cooler, warming 


The third step takes plac e when oil in the system 
has warmed up ar a ly to enable the oil cooler 
thermostatic valve to close causing oil to circulate 
through cooler core where it is cooled to the desired 


temperature 


Oil Coolers 
One of the principal functions of lubricating oil 

in an aircraft et a rine is to serve as a coolant. Because 

ot the large rate of heat rejection to the oil, heat 


must be removed before oil returns to the engine. 
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Figure 6 — Typical External Lubrication System with Hovper Type Oil Tank. 
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OPERATION OF OIL TEMPERATURE REGULATOR AND 
THERMOSTAT CONTROL IN LOCKHEED CONSTELLATION 
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Figure 7 — Three Steps Showing Operation of The Oil Tem 
perature Regulator and Thermostat Control Valve in Lockheed 
Constellation. 





The conventional method at the present time is to 
install the cooler on the scavenge or return line so 
that oil is cooled before entering the oil tank. To 
provide for the wide extremes of outside air tem 
perature, variations in air speed and changes in the 
rate of heat rejection, some control of air flow 
through the cooler is essential. Early designs at- 
tempted to regulate only the quantity of oil passing 
through the cooler but were less successful than 
by controlling air flow for the simple reason that 
once oil had congealed in the cooler in flight it 
would be difficult to warm it up and re-establish oil 
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flow unless it was possible to operate at warmer out- 


side air temperatures. One of the most successful 


installations from a reliability point of view con- 


sists of a thermostat in the oil line to Operate an 
With such an 


be controiled 


automatically by the Hap position and oi! tempera- 


actuator connected to a cooler flap 


arrangement, oil temperatures can 
ture regulator valve to meet any change in operating 
conditions. Most of these systems also have pro- 


visions for a manual over-ride control if desired. 


Having thus cooled the scavenge oil from an aver- 


) ) 


age temperature of 230-240°F. as it Icaves the 
engine down to an average of about 170°F., the 


scavenge oil finally is returned to the tank 


Oil Tanks 
The oil tank in most modern installations serves 
not only as an oil reservoir but also to de-aerate. 
Many of the present oil tanks contain a hopper in 
| ! mntain a hopy 
the center. This is usually a smaller cylindrical tank 


mounted inside of the main tank. Return oil from 
the engine is introduced into the top of the hopper 
tangential manner swirling or 


rotary motion to the otl which aids materially in 


In a ImMparting a 


the separation of entrained air 
! 


In the dry sump system the combined capacities 
of the scavenge pumps will be from two to three 
times the capacity of the pressure pump. This large 
excess capacity has been found necessary to assure 
complete scavenging under various flight condi- 
tions. As a result, large quantities of air or vapor 
from the different cases is mixed with the engine 
oil and must be separated prior to its reuse in the 
engine again and this takes place in the oil tank. 


In the hopper system the rate of oil warm-up 
is much faster since only a relatively small quantity 
of oil is utilized for engine operation. The circula- 
tion of warm oil through the hopper tank gradually 
warms up the oil in the remainder of the tank and 
feeds into the hopper as the oil in the latter is con- 
sumed. 

On aircraft equipped with Hydromatic propel- 
lers, a reservoir must be previded to maintain a 
reserve supply of oil for propeller feathering in the 
event that the main supply of oil in the tank had 
been consumed and it was necessary to shut down 
the engine in flight. 

The most important problems encountered in 
the design of conventional oil systems are first, loss 
of oil pressure at altitude and second, air entrain- 
ment. A considerable amount of design effort usual- 
ly goes into every new oil system to overcome thes¢ 
problems. Experience has shown that a majority of 
lubrication failures can be traced to loss of oil pres- 
sure and in turn to the system design. It should be 
quite evident that if the supply of oil, for one reason 
or another, is inadequate the pressure pump cannot 
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RELATIONSHIP BETWEEN STARTING 
TEMPERATURE AND QUANTITY OF FUEL DILUTION 
REQUIRED FOR MAXIMUM VISCOSITY 35,000 S.US. 
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Figure 9 — Relationship between starting temperature and 
quantity of fuel dilution required for maximum viscosity of 
35,000 S.U.S. with 100 grade of oil. Note: Before this plot 
can be used for any installation a correction should be made 
for quantity of residual oil remaining in engine and oil lines. 


pilots in the north country drained their oil after 
each flight and kept it warm on a stove overnight 
The next morning their practice would be to pre- 
heat the engine with the aid of a fire in an old oil 
drum and canvas tarpaulin and then pour in the 
warm oil. This method worked very successfully for 
the smaller types of aircraft. For military operations 
some other means appeared necessary due to the 
short time available to prepare for combat. Large 
size of multi-engine bombers and transports also 
made the ‘‘bush pilots’ '’ technique rather awkward. 

The development of the oil dilution system by 
the Air Force seems to have solved the cold starting 
problem insofar as lubricating oil is concerned. It 
has been used quite widely over the past few years 
on tactical and transport types of aircraft. While 
some improvements have been and are being made, 
its operation on the whole appears quite successful 

On Figure 8 there is plotted a group of viscosity 
temperature curves for grade 100 Aircraft Engine 
Oil and mixtures of this oil with 10, 20 and 30% 
fuel dilution. Once having established the maximum 
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permissible oil viscosity for starting, this data shows 
the minimum permissible starting temperature and 
the per cent dilution required to accomplish starting 
at lower temperatures. 

The procedure for diluting engine oil is to open 
a solenoid valve for a predetermined period admit- 
ting fuel to the lubricating oil as it enters the engine 
(Figure 6). It is essential that both engine and oil 
have been allowed to cool off. The oil inlet tempera- 
ture should be below 50°C, (122°F.) prior to 
diluting otherwise evaporation of the diluent will 
be excessive. Normally a fixed time of dilution is 
given for the starting temperature anticipated. This 
applies only to that installation. The period will 
vary from about one to nine minutes. 

Most systems employ a hopper in the oil tank into 
which the diluted return oil from the engine goes 
When the engine is restarted at some later time the 
diluted oil circulates immediately to the engine and 
warms up the adjacent bulk oil in the remainder ot 
the tank. As the engine warms up most of the 
diluent boils off within the first hour of operation. 

In plain type oil tanks (without a hopper) with 
gages for measuring oil quantity, dilution may be 
accomplished by the quantity method using data 
from Figure 9. A pilot knowing first what minimum 
temperatures are anticipated will note the quantity 
of oil and dilute until the level of diluted oi! reaches 
the desired quantity. (This chart does not make an 
allowance for the residual oil left in oil lines and 
engine. Since this will vary for each installation a 
corrected chart should be prepared for each case.) 
or example, let us assume that the lowest expected 
temperature will be minus 25°F. and the quantity 
of oil before dilution was 30 gallons. By projecting 
line A-B to the point of intersection on the 30 gal 
lon curve and then across to point C it will be found 
that the quantity of diluted oil should come to 37 
gallons, or an increase of 7 gallons. These data wert 
determined from data on Figure 8 and assume that 
the maximum allowable viscosity is 35,000 seconds 
(Saybolt Universal). 


Service Problems 

A majority of service problems relating to th 
external oil system, may be craced either to startin: 
or operation at high altitude and extremely low 
atmospheric temperatures. Some of the mor 
common problems of low temperature starting in 
volve dilution of lubricating oil. Specifically, dith 
culties have been experienced on the proper contro 
of the quantity of fuel used for dilution. evapora 
tion of diluent, mixing of diluted oil in the hopp« 
with the balance of the oil in the tank, and difficul 
ties in driving off fuel following engine starting 

The most common method of controlling th 
quantity of fuel used to dilute lubricating oil, a 
already mentioned, is based upon time. For exam 
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ple, for a given system, 9 minutes of dilution may 


: , 
be required to achieve dilution of 300%. This 


method is subject to wide variations at times, unless 


the same quantity o f oil is maintained in the tank 


srior to dilution. Preah dilution can im oes the relia- 


t has been demonstrated 


aircraft engines are rather critical 


ility of an engine since 
that certain large 
with respect to the minimum permissible oil vis- 
osity. Also excessive dilution may loosen up engine 
deposits which are apt to clog oil passages and 
sult in engine failure. If the dilution limits are 
xceeded failures may occur in master rod bearings 
duction gears, and scuttng of piston rings and 
ylinders. Some operators have failed to recognize 
the importance of diluting lubricating oil only after 
the oil had cooled down to below a specified tem 
rature (SO°C. maximum). Any attempt to dilute 
higher than recommended oil and engine tem- 
peratures results in excessive evaporation of the 
tuel and may cause engine failure upon re-starting 


cause of oil starvation. 

with ut d 
d oil from the outer tank has been reported isa 

ommon problem by the Air Force.! This is con 


+ 


trary to one of the functions of 


Mixing of diluted oil in the hopper 


the hopper tank 


which is to segregate nant oil from the undiluted 


oil. Flapper valves covering the openings connec 
P} I 


¢ these two compartments have not been entirely 


satisfactory and have not prevented mixing of di 


luted and undiluted oil. When undiluted oil tron 


ATION 
the outer tank seeps into the diluted oil in the 
hopper and also into the oil inlet line (to the en- 
vine), engine failure may take place from lack of 
oil due to congealed oil in this line, and pre-heating 
of this section has been found desirable in many 
cases. This problem has made necessary certain im- 
provements in the form of segregated oil tanks 
where a positively controlled poppet valve was in- 
stalled between the outer tank and the hop per. It 
has been reported that proper dilution of lubricat- 
ing oil now is possible with the segregated oil tank 
Upon re-starting the engine, this control valve 
opens and as the oil in the outer reservoir warms 
up it may enter the hopper as required. The warm 
up of oil in the outer tank has not worked as well 
is might be expected for the reason that the transfer 

heat from the oil in the hopper to the remainder 
of oil is quite slow at very low temperatures and 
under extreme conditions heat may not be trans 
ferred more than a few inches from the hopper 
walls. Obviously, it then becomes necessary to make 
certain changes to assure more rapid warm-up of 
the undiluted oil, and also it may be necessary to 
insulate the exterior of the oil tank to reduce the 
heat radiation from the tank. In one case the Air 
Force! reported that following a start from minus 
0° F., that after 30 minutes of operation. no heat 

s transferred farther than 3 inches from the walls 
yt the hopper 


In one recent model of commercial transport air- 





Figure 10 


Wright Turbo-Cyclone 18 Cylinder Compound Aircraft Engine. The first power plant of its type 


to be put into production. 
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craft: a plain oil tank is emploved without a hopper 
Dilution of the lubricating oil tor cold starting ts 
accomp slished with the entire quantity of oil and not 
just a small portion such as is found in the hopper 
tank. Limited service experience with the non- 
hopper tank in the above model of aircraft has been 
very successful to date. In this case the tank is pro- 
vided with an accurate oil level indicator and the 
practice 1s to note the quantity of oil in the tank at 
the start of dilution, and to dilute until the level 
increased in an amount indicated by Figure 9 
Some reports have been received of cases where 
all of the fuel diluent did not ev: aporat An exam 
ple of this was found in the case of a certain trans- 
port that had diluted its lubricating oil prior to a 
transatlantic flight, and that upon completion of this 
flight, samples revealed as much as 4% diluent in 
the oil. It is possible that the remaining diluent 
might be traceable to either a leaking fuel dilution 
solenoid valve or to very cold operation of lubri- 
cating oil. 
Operation otf 
pheric temperatures often introduces problems re- 


aircraft at extremely low atmos- 


lating to water condensation in the oil tank, in 
ce in 


Hydromatic propellers, and accumulations ot 
oil vent lines. It is well known that for every gallon 
of fuel consumed by an engine, more than one gal- 


lon of water is formed. Most of this water passes 
out the exhaust in the form of an invisible water 


vapor, but a small amount of it passes the rings and 
is picked up by the scavenging oil and returned to 
the oil tank. Service experience over a number of 
years in all types of aircraft has clearly demonstrated 
that unless certain oil t temperatures are maintai! - 
in the oil tank, water may collect in sufficient qua 
tities to Cause serious service problems. The a 
way to eliminate water condensate in the oil tank 
is to maintain oil temperatures at a level where this 
water will pass out the vent in the form of vapor. 
Whenever oil temperatures in the tank have been 
allowed during operation to drop below approxi- 
mately 130-140 substantial quantitics of water 
may collect in the tank. This water is dangerous be- 
cause it can seriously impair engine lubrication and 
it certainly will freeze if the aircraft is exposed to 
low temperatures between flights. Also, water and 
contaminants present in oil tanks will cause corro- 
sion and damage to the bottom of these tanks. 
Likewise, corrosion has frequently been observed 
in propeller feathering pumps and in the domes of 
the Hydromatic propellers. 
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ever operators are careless about maintaining rec- 
ommended oil temperatures. The recommended 


minimum te the oil entering the engine 


is approximately 155-175°F. with the dry sump 


mperature of 


Under 
ture of the oil 


system. no conditions should the temp 
the outer tank be allowed to vet 
below 140°F., otherwise water accumulations and 
a host of other difficulties are certain to occur 
Freezing of water vapor in oil system vent lines 
has been observed in certain aircraft Operating un 


/ 


der conditions of extremely low temperatures 
long as reciprocating engines consume hydrocarbo 
type of fuels the formation of water is inevitabl 
The designer is in the best 


this problem by itd the shortest possible vent 


position to Overcome 


lines to eliminate condensation and freezing ol the 


water vapor. In some cases heating of the vent lines 
by conductive material has proved 
Water and ice 


enough 1 
the vent line, and 


quite satisfactory 
accumulations have been sever 


instances to completely block oft 


1 some 
when this occurs it may lead te 

| 1 | ' P , 
rupture of oil tanks The low points or tri ips where 


water might collect in the vent lines must be avoided 


CONCLUSION 


From the foregoing, it is apparent that the su 
cesstul Operation of the aircratt engine depends te 
a large extent upon the proper design and opera 


tion of the oil system. As aircraft are built to operate 
at greater extremes of temperatures and under mor 
ind More severe conditions. much mor attentior 


of the details if the preser 


I 


must be paid to some 
high standards of reliability 


and low maintenan 
costs are to continue. Even though modern aircra! 
are operating under conditions today wey were ul 
heard of only a few years ago, the reliability and 
safety have increased subst antially and this in itself 
is a tribute to the thoroughness and care behind the 
design as well as the operation of this equipment 


ERRATA 

In the September 1950 issue of 
which Grease Applic 
Ki igure 5 on Page 102 was erroneously ¢ aptioned as 
being descriptive of a Farval centralized lubricatin 
system. This was an error. The photograph doc 
not show a Farval system nor does it show th 
piping of the system. It simply shows what is know: 
as a multiple tube installation which is not par 
ticularly related to any speciic make of | 
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discussed ation Devices,’ 


ubricatins 


This is a problem that cannot be overemphasized, — system. 
because it comes up again and again whenever de- 
: cing : : ow Ten it Lut ithe t Aircrate | s Saul Ba 
signers overlook certain fundamentals and when- saa Gir Miaearich Coamaaiagls. GAL Pesed. jannare 105) 
Pri d ir " 
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s J. B. CARL, President of Dixie Air, puts it: 
“We've handled Texaco for years and are 
100° satisfied ... we have always used Texaco 
lircraft Engine Oil ... and have been free of 
ring, valve and engine troubles and associated 
problems.” 

High-quality Texaco aviation products have 
been a helpful factor in the success of airports 
across the nation. Operators say they are the 
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SUCCESSFUL OPERATION of Dixie Air, Inc., at 
Van De Graaff Field, Tuscaloosa, Alabama, is based on 
friendly, capable service, a rigid maintenance program 
and topflight aviation products — Texaco. Dixie Air 
is jointly operated by J. B. Carl and ‘‘Laddie’ Hamilton. 
Mr. Hamilton has long been prominent in both avia- 
tion and bus transportation. 


J. B. Carl (left), President of Dixie Air, Inc., is congratu- 
lated on his operation's safety record — one of the finest in 
the South. No plane has ever been lost, no student ever 
injured. Close supervision and preventive maintenance are 
important factors in establishing this enviable reputation. 


best possible backer-uppers for their own good 
service. That’s why Texaco is so widely preferred 
—not only by fixed base operators, but by air- 
craft manufacturers and airlines as well. In fact— 


More revenue airline miles in the U. S. are 
flown with Texaco Aircraft Engine Oil than 
with any other brand. 


Whatever your branch of industry, you'll make 
dollars and sense by using Texaco Products and 
Lubrication Engineering Service. For full de- 
tails call the nearest of the more than 2,000 
Texaco Distributing Plants in the 48 States, or 
write The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 


TEXACO Lubricants, Fuels and 
Lubrication Engineering Service 
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eeeplus greater 
engine 
reliability, 

with the help of 
TEXACO 


THE TEXAS COMPANY e 
ATLANTA 1, GA., 860 W. Peachtree St., N.W. 


BOSTON 17, MASS...... 20 Providence Street 
BUFFALO 3, N. Y........ 14 Lafayette Square 
BUTTE, MONT........ 220 North Alaska Street 


CHICAGO 4, ILL... . . .332 So. Michigan Avenue 
DALLAS 2, TEX........311 South Akard Street 
DRver 17 SOLO... kccccced 910 16th Street 


SEATTLE 11, 


@senananean 


INCREASED TIME 





CONTINENTAL AIR LINES’ BIRTHDAY CAKE this year will be bright 
with 17 candles. Bright, too, is Continental's unsullied 
safety record of close to 500 million passenger miles. 
Today, the Continental fleet of five Convair-Liners and ten 
DC-3 planes serves 32 cities in Colorado, Kansas, Okla- 
homa, Texas, New Mexico and Missouri. Its safe, on- 
schedule flights are the result of unremitting maintenance 
vigilance and uncompromising insistence on quality 
Engines of all Continental Air Line ships are lubricated 
exclusively with Texaco Aircraft Engine Oil. 


Bes: man to tell this story is Mr. A. P. 
Shelly, Continental Air Lines’ Director of Engineering 
& Maintenance. Says Mr. Shelly: 







‘Texaco Lubrication Engineering Service has helped Continental 
greatly to increase the reliability of its aircraft power plants and 
safely extend operating time between service periods and major 
overhauls. Here's a specific case — 


“Operation through unusually severe dust conditions was causing 
high lead wash of master rod bearings. Texaco Lubrication Engi- 
neering Service carefully checked every phase of our engine 
operation, service and overhaul .. . analyzed many samples of oil 
as well as the bearing metals ... came up with a practical answer 
o the problem. We are happy to report a substantial improvement 
in bearing condition.” 


Continental Air Lines uses Texaco Aircrafi Engine Oil exclusively 
for all its aircraft engines .. . and for air-frame lubrication uses 
only Texaco Regal Starfak Special. With the latter, one grease 
now replaces the five formerly used. 


Texaco Products and Lubrication Engineer- 
ing Service serve all industry. Use them for greater efficiency and 
economy. Just call the nearest of the more than 2,000 Texaco 
Distributing Plants in the 48 States, or write The Texas Company, 
135 East 42nd Street, New York 17, N. Y. 


TEXACO PRODUCTS ° DIVISION OFFICES 


HOUSTON 1, TEX...... 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS‘ANGELES 15, CAL... .929 South Broadway 
MINNEAPOLIS 3, MINN... .1730 Clifton Place 
NEW ORLEANS 6, LA.. ..919 St. Charles Street 
NEW YORK 17, N. Y.....205 East 42nd Street 
NORFOLK 1, VA... . Olney Rd. & Granby Street 
WARE... 0a 1511 Third Avenue 





Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 














